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. MXSSILE STAGE SEPARATIO\I INDICATOR AND
STAGE INTTIATOR
James W. Mayo, Newport News, and James E. Michael,
Hampton, V3., assignors, to the Unifed States of Ameri-

ca as represented by the Administrator of the National |

Aeronaut:cs and Space Administration |
" Filed Feb. 27, 1964, Ser. No. 347,960
25 Claims, (C] 102--49)
{Granted vader Title 35, US. Code (1952), sec. 266)

The invention described herein may be manufactured

and unsed by or for the Government of the Ugited States-

of America for governmental purposes without the pay-
ment of any royalties thereon or. therefor.

This mmvention relates-to the lse of piezoeleciric ele~
ments and has particular refefbnee (o the use of piezo-
electric ‘elements to give indieations that certain events
on a missile have happened and to initiate operations on-
board the missile after certain everts have happened:

During the period immediately befare and immediately
after two stages of a missiie separate, th.re is a desirsd
sequence of evenis to make the separation successful.
First, immediately before separation the rocket motor of
the lower stage burns out and a ground indication is given
that this event has happened. Then the two stages are
separated and a ground indication is given that this ¢vent
has happened. Immediately after the two stages sepa-
rate, operation of the upper stage is initiated. 1t is neces-
sary, for a successful.operation, that the rocket motor
burns out before the two stages separate and it is also
necessary that the operation of the upper stage not be
initiated until after the two stages separate,

In the past, complicated electrical circuits incleding
storage batteries and swilches actuated by timers have
becn used to perform the sequence of events that oceur
during the separation of two stages of a missile. These
compiicated electrical circuits require the use of numerous
components. Consequently, the reliability of the system
is decreased since when mumerous compbnents are used
in an electrical circuit, the entire circuit is no more re-
liable than the weakest component. It must be noted that
relays, connectors, resistors, umbilicals, switches, batteries,
and other devices for assuring reliability and protection
during ground handling and for pad and range safety all
contribute to a chance for error and the reduction of the
overall system reliability. This invention is not intended
to preclude the use of such items in a System or to com-
promise the safety of personnel or property, but to pro-
vide piezoelectric means to accomplish many of these ob-
jectives with fewer parts having a high degree of reli-
ability.

It is.therefore an object of this invention to provide
“means for performing the sequence of events that take
place during separation of two stages of a missile that are
more reliable than means used for the same purpose in
the past.

Another object of this invention is to employ piezo-
electric means to separate two stages of a missile. -

A further object of this invention is to employ piezo-
gleciric means to imtiate the operation of an upper stage

of a missile upon its_separation from a lower stage of the
miissile,

A still further object of this mventxon is to employ

piezoelectric means to produce a ground indication that

the rocket motor on & missile has burned out.

Yet another object of this inventioa is to employ piezo-
electric means to produce a ground indication that two
stages of a missile have separated.

Other objects and advantages of this invention will fur-
ther become apparent heremafter and in the drawings,
in which:

FIG. 1 shows a block diagram of a preferred embodi-
ment of this invention;
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FIG. 2'is a cmss'secmmal View of the piezoelectric
generator used in block 18 of FIG. 1

FIG.:3 is a cross-sectional view of an slternative eme
bodiment of the piezoelectric generator used in block 18
of FIG. 1

FIG. 4 is a schematic diagram-of the circuitry used i in
block 18 of FIG. I;and -

FIG. 5is a cross'scctlona} view of the piezoelectric
generator used in block 23 of FIG. 1. }

la describing-the preferred embodiment of the inven-
tion illustrated in the drawings, spacific termmatogy will
be resorted to for the sake of clarity. However, it is not
intended to be limited to the specific terms so selected,
and it is to be understood that each specific term includes
all technical equivalents which operate in 2 similar man-
ner to accomplish a similar purpose.

Turning now 1o the specific embodiment of the inven-
tion selected for iflustration in FIG. 1 of the drawings,
the number 10 designates generally a missile having a
lower stage 11 and an upper stage 12. Stages 11 and 12
are connected together by. a stage separation device 13
Stage separation device 13 holds stages 11 and 12 to-
gether until a high voltage pulse appears across electrical
lines 14 and 15. Then stage separation device 13 is fired,
usually by a pyrotechnic device, causing stage separation
device 13 to fall away allowing stages 11 and 1Z to sepa~
rate. "Stage separation devices are well known in the prior
art; therefore, the specific details of stage separation de-
vice 13 will not be described in this specification.

Stage 11 is powered by a rocket motor 16, When
rocket motor 16 starts, ii creates a pressure which is
applied through a pipe 17 1o a piezoe’ectric generator and
control circuit 18. This increase in pressure causes piczo-
electric generater 18 to generate a pulse which arms the
control circuit in block 18. When rocket motor 16
burns out, the pressure in pipe I7 decreases thereby caus-
ing the piezoelectric generator to generate another pulse.
This pulse appears across electrical lines 19 and 20 and
is applied across lines 14 and 15 10 stage separation
device 13 to cause it to fire. The pulse generated across
lines 19 and 20 is also applied through an electrical
disconnect device 21 to a telemeter 22 where it is sent
to ground to give a ground indication that rocket motor
16 has burned out, This pulse could be applied 10 a

5 telemeter located on stage 11 thereby eliminating the

need for electrical disconnect device 21.  This pulse could
also be used to initiate operation of siage 12. The piezo-
electric generator and control circnit 8 will be-described
in detail later. Electrical disconnect devices are well
known in the prior art; therefore, the details of the siec-

-trical disconnect device 21 will not be described in this

specification.
When the pulse generated by pieroeleciric generator

and control circuit 18 is applied io stage separation .

device 13 the stage separation device is fired causing
t to fall away thereby severing ail connections between
stages 11 and 12 allowing them to separate. A piezo-
eieciric generator 23, the details of which will be dis-
ciosed later, s mounted between stages 11 and. 12 such
that it is compsressed when these two stages are con-
nscted together. When ibe twe stages 11 and 12 are
separated, the piezoelectric generator 23 is allowed to
expand thereby generating a pulse across electrical lines
24 and 25. This pulee is applied to telemeter’ 22 where
it is transmiited to ground fo give a ground indica-
tion that stages 11 and 12 have saparatad ‘The pulse
generated across lines 24 and 25 is ‘alsp applied to a
utilization device 26 to initiate the opgration of stage
12. Utilization device 26 may be any ‘pyrotechnic de-
vice such as squibs, primers, }nmators, or-caps o initiate
the operation of stage 12.
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Referring now to FIG. 2, there is shown a cross-
sectional view of the piezoelectric generator used in block
18 of FIG.-1. A shell or cylinder 31 having a small open-
ing at its-bottom and a large opening at its top has a
plag 32 screwed into s top to form a pressnr-‘—tight
fitting. Plug 32 has 2 small opening in it into which is
inserted pipe 17. A piston 33 having a pressure seal 34
is Jocated imside cylinder 31 so that it is free to move
up and down. The compartment 35 formed by cylinder
31, plug 32, and piston 33 is pressure tight. A piezoelec-
tric’element 36 surrounded by an insulator 37 is located
in‘an opening inside piston 33. The piezoelectric gen-
erator 36 ¢an be any well known piezoelectric element.
- One Such piezocleciric element is made by Clevite Cor-
‘porstiofy- of Bedford, Ohio. The Clevite Corporation

“generator consists of two piezoelectric ceramic stugs 38

of an inch in diameter and 34 of an inch-tong. The
material used is 2.-leed zircomate-lead sanie ‘cesamic.

16

15

The ends of the slugs are-gilvered. The material is a -

good insulator with a relatively high dielectric tonstant:,

Thus, the silvered slugs are comdemsers of rather high
capacitance for their size.. Two leads, a negative lead
38 and a positive lead 39, are connected to the piezo-

-electric element 36. The negative lead 38 passes through

an opening 40 in piston 33 and through an opening 41
in cylinder 31. The positive lead 39 passes through the
small opening at the bottom of cylinder 31. Whenever
a pressure is applied to piezoelectric element 36, a pulse
is generated across leads 38 and 3% and when this pres-
sure is released another pulse is generated across leads
38 and 3%. Consequently, when rocket motor 16 starts,
it generates a pressure which is applied through pipe 17

to piston 33 ecausing piezoelectric element 36 to be-.

come compressed thereby generating a pulse across leads
38 and 39. When rocket motor 16 stops, it no longer gen-
crates a- pressure which allows piezoelectric element 36
to expand thereby generating another pulse across leads
38 and 39.

An alternative embodiment of the piezoelectric gen-
erator in block 18 of FIG. 1 is shown in FIG. 3. In
this embodiment the pressure generated by rocket mo-
tor 16 is made more cffective by means of a lever. This
embodiment consists of a shell 42 having iwo compart-
ments. In one compartment there is located a piston

43 and in the other compartment there is located a:

piezoelectric element 44. Piston 43 includes a pressure
seal 45 and piezoelectric element 44 is surrounded by
an insulator 46. A spring 47 is attached to shell 42
and to one end of piston 43. The other end of piston

43 rests against one end of a lever 48 having a pivot 49. ;

The other end of lever 48 rests against one end of piezo-
electric element 44. Pipe 17 is inserted into shell 42 to
apply pressure to the end of piston 43 to which spring
47 is attached. Negative and positive electrical leads
56 and 5% are connected to piezoelectric element 44 and
pass through openings 52 and 53, respectively, in shell

42. When rocket motor 16 starts, it generates a pressure.

which is applied through pipe 17 to pistorr 43. This pres-
sure causes pisten 43 to move exerting a force against
fever 48. This force is transmitted through pivot 49
of lever 48 to piezoelectric element 44 causing it to
become compressed thereby geperating a pulse across
elecirical leads 58 and 51. When rocket motor 16 stops,
pressure is no longer supplied by pipe 17 which allows
spring 47 to pull piston 43 back to its.original posiiion.
‘Then, since piston 43 no longer exerts a force against
lever 48, piezoclectric clement 44 is allowed to expand
generating another pulse across electrical leads 50 and 51.

A schematic diagram of the- piezoelectric generator

and control circuit contained in block 18 of FIG. 1 is
“shown by FIG. 4. Block 68 is a schenratic diagram of an

equivalent circuit for either the piezoelectric generator
disclosed in FIG. 2 or the piezoelectric generator disclosed
in FIG. 3. Block 61 is a schematic diagram of an ex-
plosive-actuated switch. Explosive-actuated switches are
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well known and will therefore not be described in detail

in this specification. However, it consists essentially of
switch contacts 62, 63, 64, and 65, and a bridge wire
66. Switch contacts 62 and 63 are permaily closed,
and switch contacts 64 and 65 are normaﬂy open. When
a pulse is applied across bridge wire 66, the explosive-
actuated switch 1. is fited causing swiich contacts 62
and 63 to open aad causmg switch. contacts 64 and 65
to close. Bridge wire 66 is comnected in series with
switch contacts ‘62 -and 63 across plezoelect_.., generator
6¢; and a main initiator bridge wire o7 is connected
in series with switch contacts-64 and 65 across piezoelec-
tric generator €8. When rocket motor 16 starts, piezo-
electric generaor 60 generates a pulse which is applied
acréss bridge wire 66, This pulse across bridge wire
66 fires explosive-actuated switch 61 causing switch con-
tagts 62 and 63 to open and causiag switch contacts 64
and §5 to clese. When rocket motor 16 stops, pieze-

_electric geperator 60 gencrates another pulse which is

applied .across the fnain initiator biidge wire 67. This
pulse acrogs bridge wire 67 is applied to stage separa-
tion device 13 to separate stages 11 and 12; and it Is
applied to telemeter 22 which transmits it to give a
ground indication that tocket motor 16 has burned out.
It shouid be noted that the pulse applied across bridge
wire 66 could also be transmitted to give a ground indica-
tion that rocket motor 16 has started. Also, the puise
applied across bridge wire §7 could be used for other
purposes than io operate a stage separation device,
Referring now to FIG. 5 there is shown a cross-sec-
tional view of the piezoelectric generator 23 shown
in FIG. 1. A cylinder 70 is aitached to the wall of
stage 12. A piezoelectric element 71 having 2 negative
lead 72 and a positive lead 73 is lecated inside cviinder
70. Piezoelectric element 71 is surrounded by as in~
sulator 79. WNegative lead 72 passes through an open-
ing 74 in cylinder 70 and positive lead 73 passes through
an opening 73 in cylinder 76. A jack nput 76 with an
adjusting screw 77 screwed therein Is slidably mounted
in cylinder T2, Cylinder 70 is attached to stage 12 so
that when stages 11 and 12 are connected together stage
11 exerts a force against adjusting screw 77 thereby
exerting a force against plezoelectric element 71. This
can convenicntly be done hv having a hole 78 in the
wall of stage 12 for the head of adjusting screw 77 to

fit into. When piezoelectric element 71 is under pres- -

sure, the pressure will be exerted by the wall of stage 11.
Therefore, when stages 11 and 12 separate the force ap-
plied to adjusting screw 77 by the wall stage 11 is re-
lieved thereby relieving the force applied to piezoelectric
element 71 causing a pulse to be generated across leads
72 and 73. The amount of force exerted by the wall
cf stage 11 through adjusting screw 77 to piezeelectric
element 71 can be adjusted by adjusting screw 77.

The operation of the preferred embodiment of this
invention will now be described while referring to FIGS.
1, 2, 4, and 5. In describing the -operation of this in-

" vention the piezoelectric generator shown in FIG. 2 will

be used as the piezoelectric generator shown in block
60 in FIG. 4. However, it should be noted that the
piezoclectric generator in FIG. 3 could also be u:zod as
the piezoelectric generator 60 in FIG. 4. Before rocket
motor 16 starts, the switch contacts of explosive-actuated

switch 61 in FIG. 4 are in the positions shown. That ..
is, contacts 62 and 63 are closed and contacts 64 and

65 are open. In this position, bridge wire 66 is con-.
nected.in series. with switch contacts 62 and 63 across
piezoelesiric generator 60, © When rocket motor 16 starts,
it creates a préssure which -is applied thréugh pipe 17
fo the piezoelectric generator in FIG. 2. This pressure
is applied to piston 33 which in turn compresses piezo-
electric element 36 causing a pulse fo be generated across
electrical leads 28 and 29. This pulse is applied through
closed switch contacts 62 and 63 to bridge wire 66

i
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causing explosive-actuated switch 61 to fire. When rockst
motor 16 burns out, the pressure applied to piston 33

decreases which allows piezoelectric element 36 to ex-

pand causing another pulsé to be generated across. elee-
trical leads 38 and 39. ‘This pulse is applied through
close switch contacts 64 and 65 to main initiator bridge
wire 67. This pulse across bridge wire 67 is applied
to stage separation device 13 to separate stages 11 and
12 -nd to telemeter 22 to-give a ground indication that
rocket motor 16 has burned out. When stages 11 and
12 separate the force exerted by jack nut 76 against
piezoelectric element is decreased causing a pulse-to be
genevated across electrical leads 72 and 73. This pulse
is applied to uﬁ}izaﬁfm device 26 to imitiate operation
of stage 12 and it is applied to telemeter 22 to give a
ground indication that stages 11 and 12 have separated.

The principal advantage of this invention over the
prior art is its simplicity and reliability because of the
few parts necessary to -obtain initiation. Other ad-
vantages lie in the ficld of pad and range safety, where
live power scurces (such as -batteries and fimers) are
presently employed. An example of the advantages of
this invention is shown as follows: in FIG. 3 where
stage separation must be accomplished- before the initia-
tion of subseqx“nt pyrotechnic devices, the invention
basically replaces both the power supply (battenes) and
the circunit closure devices {switches) in a pyrotechnic
circuit. This provides a device which is lighter in weight,
insensifive to vibration {no switch chatter), and insensi-
tive to altitade (no battery elec;rohte boiloffi at low
vacoum conditions).

It is to be understood that the form of the imvention
herewith shown and described is to be taken as a pre-
ferred embodiment, Various changes may be made in
the shape, size, and arrangement of parts. For example,
equivalent elements may be substituted for those itlus-
trated and described herein, parts may be reversed, and
certain features of the invention may be utilized inde-
pendently of the use of other features, all without de-
parting from the spirit or scope of the invention as
defined in the following claims.

What is claimed is:

1. Stage separation control means, on a missile baving
at least a lower and an upper stage powered by a rocket
motor on the lower stage, comprising: stage separation
means for connecting said lower and upper stages together
until an electric pulse is applied to it and then for severing
all connections between the two stages; a first piezoelectric
means connected fo said rocket motor for gensrating a
first electrical pulse when said rocket motor burns out;
means connecting said first electrical pulse to said stage
separation means to separate said lower and upper stages;
a second piezoelectric means for generating a second elec-
trical pulse when said two stages separate; telemeter means
connected 1o receive said first and second generated elec-
trical pulses for transmitting them to give ground indica-
tions that said rocket motor has burned out and that said
lower and upper stages have separated; and ineans receiv-
ing said second generated eclectrical pulse for initiating
operation of said upper stage.

2. Stage separation conirol means as claxmed in claim 1

wherein said first piezoclectric means comprises: a piezo-
electric element; and means utilizing the pressure gener-
ated by said rocket motor for puuing said piezoelectric
element under pressure from the time that the rocket
motor starts until it burns cut whereby an electrical pulse
is generated by the piczoelectric element when the rocket
motor starts and another pulse is generated by the piezo-
electric element when the rocket motor burns out.

3. Stage separation control means as claimed in claim
1 whetein said first pxezoelectnc means comprises: a piezo-
electric element; means utilizing the pressure generated by
- said rocket moitor for’ a{splymg a force to said piezoelectric
element from ‘the time that the rocket motor starts until
it burns out whereby ‘an elecmcaI pulse “is oenerated by

'
the piezoelectric element when the rocket moter starts and
another pulse is gemerated by the piezoelectric element
when the rocket motor burns out; a main initiator bridge
wire; and an explosive-actuated switch comprising a bridge
wire for firing the switch, a pair of normally closed con-

. tacts which open when the switch fires connected in series -
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-with said bridge wire for firing the switch ard said piezo-

electric element, and a pair of normally opened contacts
which close when the switch fires connected in series with
said main initiator bridge wire and said piezoelectrie ele- .
ment. ’

4. Stage separation control means as clama&d firclaim-

1 wherein said second piezoelectric means .comprifes: a
piezoelectric element, and means for applyiag a farce to -
said second piezoelectric element while said two stages are
attached and for removimg said force when said two stages
separate whereby a pulse is generated by said piezoelectric
element when said two stages separate.

5. Means on a-missile having at least a Jower and an
upper stage powered by a rocket motor on the lower stage,
for separating said lower and upper stages on burnout of
said rocket motor comprising: stage separation means for
connecting said lower and upper stages together until an
electric pulse is applied to it and then for severing all
connections between the two stages; a piezoelectric means
connected to said rocket motor for gemerating an electri-
cal pulse when said rocket motor burns out; and means
for transmitting said generated clectrical pulse to said stage
separation means whereby when said rocket motor burns
out said lower and upper stages separate.

6. Means as claimed in claim 5 wherein said piezoelec~
tric means comprises: a piezoeleciric element; 2 means
utilizing the pressure generated by said recket moter for
putting said piezoelectric element under pressure fromr
the time that the motor starts until it bums oot whereby
an electrical pulse is generated by the piezoelectric ele-
ment when the rocket motor starts and another pulse is
generated by the piezoelectric element when the rocket
motor burns out. .

7. Means as claimed in claim 5 wherein said piezoelec-
tric means comprises: a piezoelectric element; means uti-
lizing the pressure generated by said rocket motor for
applyving a force to said piezoelectric element from the
time that the rocket motor starts until it burns out where-
by an electric pulse is generated by the piezoelectric ele-
ment when the rockel motor starts and another pulse is
generated by the piezoelectric element when the rocket
motor burns out; a main initiator bridge wire for activating
said stage separation device when a pulse is applied across
it; and an explosive-actuated switch comprising a bridge
wire for firing the switch, a pair of normally closed con-
tacts which open when the switch fires connected in series
with said piezoelectric element and said bridge wire for
firing the switch, and a pair of normally opened contacts,
which close when the switch fires connected in series with
said piezoelectric element and said main mmaior oridge
wire, .

8. Means on a missile having at Ieast a lower and an
upper stage for generating an electrical pulse, when the
two stages separate, that can be used to fire a pyrotechnic
device and to give a ground indication that the fwo stages
have separated comprising: a piezoelectric element; and
means for applying a force to said piezoelectric element
while said two stages are attached and for removing said
force when said two stages sepatate whereby a pulse is
generated by said pxezoe}ectnc element when said two
stages separate.

9. Means for generating an eiectnca] pulse at the in-
stant two struetures separate comprising: a piezoelectric
element; and means for applving a force to said piezo-
electric element while said two structures are attached to
each other and for removing said force at the instant said
two structures ‘are separated whereby an electrical pulse
is genérated ty said piezoelectric eiement at the instant
5 said two structures sepamtc.
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10. Means for generating an electrical -pulse at the
_instant a first structure and a second structure separate
comprising: an elongated shell having one end opened
and the other end closed; a piezoelectric element located
inside said shell with one of is ends in contact with said
closed end; a piston-like structure slidably located inside
said shell 'in contact with the other end of said piezo-
efectric element; a hole-in a wall of said first structure
through which said piston-like structure can pass; the said
open end of said shell being attached to said wall of said
- first structure in such a manner as to allow said piston-

[

0

like structure to. pass through said hole and comtact said- .

second structure to exert.a force against said piezoelectric
element whereby when said first structure and said second-
structure separate said force is removed cauwsing said
peaotlectric element to -generate an efectrfcal pulse.

. }f. Means as claimed in claim 16 wherein said piston-.

13

hke structure consists of a jack nut with an adjusting -

screw, serewed therein whereby the amount of force ex-
eried by the said second structure .agams’t said piezo-
“-electric element can be ad;usted

12. Means as claimed in claim 10 wherein there are
small openings in said shell for electrical leads connecied
to said piezoelectric element to pass through.

13. Means for generating a pulse at the beginning of a
pressure and for generating anotber pulse at the end of
the pressure comprising: a piezozlectric element; a piston;
means for transmitting any pressure applied to said piston
to said piezoelectric element; and means for applying said
pressure to said piston whereby said piezoelectric element
generates a pulse at the beginning ol said pressure and
another pulse at the end of said pressure.

14. Means as claimed in claim 13 wherein said means
for transmitting any pressure applied to said piston to
said piezoelectric element includes means for putting said
piston in direct contact with said piezoelectric element.

15. Means as claimed in claim 13 wherein said means
for transmitiing any pressure applied to said piston to
said piezoelectric element includes a lever. -

16. Meaus for generating a pulse at the end of a pres-
sure conprising: a piezoelectric element; a piston; means
for transmitting any pressur=z applied to said piston to said
piezoelectric element; means for applying said pressure
to said piston whereby said piezoelectric element geper-
ates a pulse ‘at the beginning of said pressure and another
pulse at the end of said pressure; and means for eliminat-
ing said pulse generated at the beginning of said pressure.

17. Means as claimed in claim 16 wherein said means
for climinating said pulse generated at the beginning of
said pressure comprises: an electrical circuit element; and
an explosive-actuated switch compiising a bridge wire for
firing the switch, a pair of normally closed contacts which
open when the switch fires connected in series with said
piezoelectric element and said bridge wire, and a pair of
normally opened contacts which close when the switch
fires connected in series with said piezoelectric element
and said electrical circnit element whereby only the pulse
generated at the end of the pressure will pass through
the electrical circuit element.

18. Means for generating an electrical pulse at the in-
stant a first siage and a second stage of a missiie separate
comprising: an elongated shell having one end opened
and the other end closed; a piezoelectric element located
inside said shell with one of its ends in contact with said
closed end; a piston-like structure slidably located inside
said shell’ in contact with_the other end of said piezo-
electric element; a hole in the wall of said first stage
through which said piston-like structure can pass; the

20
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said open end of said shell being attacked to said wall of
said first stage in such a manner as to allow said piston-
like structure to pass through said hole and contact said
second stage tq exert a force against said piezoelectric

_elenient whereby when said first stage and said second

stage separate, said force is removed causing pxezoe]ectnc

~element to generate an electrical pulse.

19, Means- in accordance with claim 18 wherein said

:pis'ton"—like structure consists of a jack nut with an ad-
“justing screw, screwed therein whereby the amount of

force exerted by said second stage agaiost said piezo- -
electric element can be adjusted.-

29. Means in accordance with claim 18 wherein thete
are small openings in said shell for electrical leads com-
nected to said piezoelectric elemert to pass-through.”

21. Means on a missile for generating a pulse at the
beginning of a pressure generated by a rocket motor on
the missile and for generating another pulse at the end
of the pressure comprising: a piezoelectric element; a pis- -
ton; means for transmitting aay pressure applied to said
piston to said piezoelectric elemeat; and means for apply-
ing the pressure generated by said rocket motor to said
Tiston whereby said piezoelactric. element generates a
pulse at the beginning of said rocket motor pressure and
another pulse at the end of said rocket motor pressure.

. Mecans in accordance with claim 21 wherein said
means for transmitting «ny pressure applied to said piston
10 said piezoelectric element includes means for putting
said piston in dircct copntact with said piezoelectric
clement. .

23. Means in accordance with ¢laim 21 wherein said
nmreans for transmitting any pressure applied to said piston
to said piezoelectric element ircludes a lever.

24, Means on a missile for generating a pulse at the
end of a pressure generated by a rocket motor on the
missile -:‘comprising:- a piezoelectric element; a piston;
means for transmitting any pressure applied to said piston’
10 said piezoelectric element; means for appiying said
pressure generaled by said rocket motor to szid piston
whereby said piezoelectric element generates a pulse at
the beginning of said rocket motor pressure and anotber
pulse at the end of rocket motor pressure; and mean$
for eliminating said pulse generated at the beginning of
said rocket motor pressure. ’

25. Means in accordance with claim 24 wherein sald
means for eliminating said pulse generated at the be-
ginning of said rocket motor pressure comprises: an elec-
trical circuit element; and an explosive-actuated switch
comprising a bridge wire for firing the switch, a pair of
normally closed contacts which open when the switch
fires connected in series with said piezoeleciric element
and said bridge wire, and a pair of normally opened con-
tacts which close when the switch fires connected in series
with said piezeeleciric element and said electrical circuit
element whereby only the pulse generated at the end of
the pressure will pass through the electrical circuit
element.
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